riboflavin, Sigma Chemical Co. (14); D-[2-14C]-riboflavin, Amersham (15); biochemical grade CsCl (99.9%), Gallard-~chlesin~er Standard phototherapy human in the pres-Chemical Co, (16); toluene, trichloroacetic acid and high purity ence of riboflavin is known to produce single-strand breaks in argon, Fisher Scientific Co, (17), Omnifluor, New England Nuintracellular DNA. A new photochemical reaction is described clear between riboflavin and purified DNA in which an adduct is formed.
The effectiveness of phototherapy in the treatment of neonatal jaundice is so well established and its usage so widespread that 2500 7000
there is increasing concern about its overuse: particularly under 6000 circumstances where it is neither necessary nor beneficial (9, 10) .
2000
Of special concern are the potential long-term hazards of this is photodecomposed in vitro by wavelengths of light considered by many to be optimal for the treatment of unconjugated hyperbili -0  10  20  30  40  50  60  70  80  90  100 rubinemia (7) . Evidence has accumulated to suggest that a similar PERCENTAGE OF GRADIENT photochemical reaction occurs in jaundiced infants receiving phototherapy (4, 12) . studies in our laboratory have determined that Sedimentation was from is not dependent on the generation of singlet oxygen (3) . The left right. purpose of the present report is to extend these earlier observations (3, 8) by describing a new photochemical reaction between lightwere placed On screw-ca~~ed, plastic flasks activated riboflavin and DNA, such studies permit a better un-before illumination. Samples illuminated in an anaerobic environderstanding of the potential genetic hazards of phototherapy and ment were prepared by bubbling with argon for min before may further the development of a phototherapy unit effective in sealing the flask. Illumination was carried out at a fluence of 150 the treatment of neonatal jaundice yet devoid of any serious P~/~~~ (at 450 nm) a standard phototherapy unit and untoward effects. a broad-spectrum fluorescent light source (Duro Test Vita Light) as described previously (3).
MATERIALS AND METHODS
After illumination, samples were layered onto 4 ml of CsCl (density = 1.79 g/cc) and centrifuged in a Beckman SW50 rotor The following chemicals and biochemicals were obtained from at 30,000 rpm (84,000 X g, average) for 40-48 h at 20°C. The the indicated commercial supply houses and used without further gradients were fractionated into 5-drop aliquots from the bottom purification: calf thymus DNA, Miles Laboratory (13); poly (dA). of the gradient. Fractions were precipitated with 5% (w/v) tripoly (dT), poly (dG).poly (dC), DNase I (EC. 3.1.43, and chloroacetic acid and collected on Whatman glass fiber filters.
Radioactivity was determined in a Nuclear Chicago Liquid Scintillation counter (19) utilizing toluene-based cocktail (Omnifluor).
All experiments were performed at least three times. Representative data are shown in the results. 
MINUTES OF ILLUMINATION

RESULTS
A solution of calf thymus DNA and [14C]-riboflavin was illuminated with a standard phototherapy unit. The DNA was then sedimented to equilibrium in a self-generating CsCl gradient, and the radioactivity profile determined as described &I "Materials and Methods." The result is shown in Figure 1 . In the gradient, a single band of radioactivity (from the labeled riboflavin) was observed. When a sample was similarly prepared but protected from light before sedimentation, no band of radioactivity was found in the resulting gradient (Fig. 1) . Moreover, no band was observed in gradients of samples which were digested with DNase I after illumination and before centrifugation (not shown). These results suggest that the observed band of radioactivity in the CsCl gradient is due to the covalent binding of riboflavin (or at least a portion of the riboflavin containing the labeled carbon, C-2) to purified DNA.
The observed chemical reaction between light-activated riboflavin and DNA occurs both in the presence and in the absence of oxygen (Fig. 1) . Moreover, the reaction occurs to a greater extent in a n anaerobic environment (cf. maximum CPM in aerobic and anaerobic samples in Fig. 1 ). This conclusion is strengthened by the results of the kinetic experiment shown in Figure 2 . In this experiment identical samples were illuminated, one aerobically and the anaerobically. At various times, aliquots were removed and the total trichloroacetic acid-precipitable counts (i.e., DNAbound riboflavin) were determined. The results clearly show the reaction between riboflavin and DNA occurred more rapidly when illumination occurred under anaerobic conditions.
When solutions of ['4C]-riboflavin and either poly (dA) poly (dT) or poly (dG) poly (dC) were illuminated and sedimented in CsCl, as was done with the DNA, the results shown in Figure 3 were obtained. Three bands of radioactivity were observed after the photoreaction between poly (dA) . poly (dT) and [l4C]-riboflavin. The buoyant densities of these three bands were 1.6 15 g/ cc, 1.586 g/cc and 1.558 g/cc. The buoyant density of native poly (dA).poly (dT) in CsCl is 1.647 (1 1). In contrast, virtually no trichloroacetic acid-precipitable radioactivity is observed in samples of poly (dG) -poly (dC) illuminated in the presence of [I4C]-labeled riboflavin. These results demonstrate the specificity of light-activated riboflavin for poly (dA) . poly (dT). Fig. 3 . Radioactivity profile of CsCl equilibrium gradients of copoly-vs gradient position with the scale to the right applies specially to the poly mer-riboflavin photoproducts. Poly (dA) .poly (dT) and poly (dG) .poly (dA) . poly (dT) gradient and was determined by gravimetric measurements (dC) were illuminated aerobically for 60 min in the presence of D-[2-I4C] on selected fractions. Sedimentation was from left to right. -riboflavin as described in "Materials and Methods." The plot of density A new photochemical reaction between riboflavin and DNA has been described. Several observations suggest that binding of light-activated riboflavin to DNA is covalent, more specific: (1) the riboflavin remains associated with the DNA in the CsCl at equilibrium (approximately 8 molar CsC1): conditions which abolish essentially all ionic interactions; (2) the radioactivity remains bound to the DNA after precipitation with trichloracetic acid; (3) the binding of the riboflavin to the DNA was unaltered by Sephadex column chromatography (2); and (4) no band of radioactivity was observed in gradients of samples which were digested with Dnase I after illumination and before centrifugation. Final proof for the existence of a covalent bond between riboflavin and DNA will require more extensive chemical analysis.
PERCENTAGE OF GRADIENT
The photochemical reaction described in this report differs significantly from those previously reported. Early work in our laboratory demonstrated that of the four isolated deoxynucleosides found in DNA, light-activated riboflavin modified only deoxyguanosine and that this photochemical reaction was oxygen dependent (3). The present report described additional photochemical reaction between riboflavin and intact, purified DNA which is not oxygen dependent and results in the apparent covalent binding of riboflavin and/or a photodecomposition product of riboflavin to purified DNA. Moreover, the results observed with synthetic copolymers and riboflavin indicate that the covalent binding to DNA involves deoxyadenosine or thymidine.
previous studies have shown that the intracellular DNA of eukaryotic cells can be damaged by illumination from standard phototherapy units (5, 6, 8) . The photochemical basis for these in vitro observations must be accurately defined in order to develop techniques to identify potential DNA modifications in jaundiced infants receiving phototherapy. The photochemical reaction described in this report is another potential mechanism for lightinduced damage to DNA. Clearly, phototherapy is a complex process, and the potential exists for serious long-term consequences in infants undergoing this treatment.
